Background & aims: It remains controversial whether patients with advanced-stage hepatocellular carcinoma could be benefit from transarterial chemoembolization (TACE) treatment. The purpose of the present study is to identify predictors of survival following TACE in patients with advanced HCC. Methods: Overall, 303 patients with Barcelona Clinic Liver Cancer (BCLC) stage C HCC who were first treated with TACE from Sun Yat-sen University Cancer Centre between January 2009 and December 2013 were reviewed and enrolled in this study. We carried out Kaplan-Meier and Cox proportional hazard model analyses of prognostic factors. Results: The median survival of the whole cohort was 8.4 months. Multivariable Cox regression analyses confirmed that four risk factors, high serum levels of gamma-glutamyl transpeptidase (GGT), C-reactive protein (CRP), alkaline phosphatase (ALP) and presence of portal vein tumour thrombosis (PVTT), were independent prognostic factors for overall survival. The expected median survival among patients with 0-1 and 2-4 risk factors were 18.1 (95% CI: 15.5-20.7) and 6.8 (95% CI: 5.8-7.8) months, respectively. Objective tumor response among patients with 0-1 and 2-4 risk factors were 38.9% and 17.3%, respectively. Conclusion: We found four risk factors were associated with dismal overall survival for advanced HCC patients: serum GGT level, serum CRP, serum ALP and presence of PVTT. TACE may be recommended for patients with advanced HCC with 0-1 risk factors due to the favourable prognosis.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second leading cause of cancer mortality worldwide, resulting in more than 700,000 deaths annually. (1) A majority of patients with HCC are diagnosed at an intermediate to advanced stage when the chances of curative treatments are limited. (2) For these patients, palliative treatments including transarterial chemoembolization (TACE) and sorafenib have been widely used. According to the Barcelona Clinic Liver Cancer (BCLC) staging classification, adopted by the American Association for the Study of Liver Diseases (AASLD)/European Association for the Study of the Liver (EASL) guidelines, (2, 3) TACE is recommended for intermediate-stage patients (BCLC stage B) to achieve local control and palliation. Patients with advanced-stage (BCLC stage C) disease have a dismal prognosis, with an expected median survival of 6 Ivyspring International Publisher months; sorafenib, a multitargeted kinase inhibitor, has been recommended as the standard treatment for these patients. (4) Sorafenib treatment efficacy is considered modest (median survival 10.7 months with sorafenib vs 7.9 months without) (4) and is costly. Therefore, the use of sorafenib as the first-line treatment for advanced HCC is uncommon in real life, despite the high number of patients diagnosed with BCLC stage C disease. (5, 6) Rather than sorafenib, TACE and resection are the most frequent first-line treatments for patients with stage C disease in clinical practice according to recently communicated data in real-life clinical practice of HCC management. (5) HCC with portal vein invasion is considered to be a theoretical contraindication to TACE. However, many studies have suggested that TACE could be safely and feasibly performed in HCC patients with portal vein invasion. (7) (8) (9) There is no consensus on whether BCLC stage C patients can benefit from treatment with TACE. The heterogeneity in the BCLC stage C group is associated with a wide range of prognoses and survival outcomes. Therefore, a clinical decision to use TACE in BCLC-stage C patients may well be based on the clinical characteristics that are relevant for the outcome rather than those simply depicted with BCLC staging. The purpose of our present study was to identify clinically useful factors that can predict prognosis after TACE in patients with advanced HCC.
Materials and methods

Patients and design
This study was approved by the institutional review boards of the participating hospitals. Written informed consent was obtained from all patients. In total, 303 consecutive patients with advanced HCC who underwent TACE as an initial treatment were recruited in this retrospective study from the Sun Yat-sen University (SYSU) Cancer Centre between January 2009 and December 2013. The inclusion criteria were (1) HCC patients with BCLC stage C disease, (2) Child-Pugh A or B liver function, and (3) HCC with no previous treatment. Patients with Child-Pugh class C liver function, BCLC stage A/B disease, ECOG performance status 3-4 or no follow-up data were excluded from this study.
The diagnosis of HCC was based on the criteria used by the European Association for the Study of the Liver and European Organisation for Research and Treatment of Cancer (EASL-EORTC) (3) as follows: presence of one of the typical imaging hallmarks of HCC (hypervascular in the arterial phase with washout in the portal venous or delayed phases) or a cytological/histological diagnosis of HCC.
TACE
TACE was performed using the techniques described in our previous report. (10) Depending on the size of, location of, and arterial supply to the tumour, the tip of the catheter was advanced into the segmental artery or specific tumour-feeding artery. Chemoembolization was performed using epirubicin, lobaplatin and mitomycin C were mixed in 9 ml of water-soluble contrast medium and 1 ml of sterile water for injection. Pure lipiodol or gelatin sponge particles (500-1,000 μm) were then injected if the chemoembolized artery territory did not show stagnant flow. The dose of anticancer agent-lipiodol emulsion and the pieces of embolic materials used for TACE were determined based on the tumor size, extension of the lesions and tumor blood supply.
Repeated TACE was performed once every 8-12 weeks until one of the following end points was reached: (1) complete devascularization of the tumour; (2) technical impossibility to embolize the residual tumour, for example, tumour only supplied by extrahepatic collateral arteries; (3) development of contraindications to TACE; or (4) total resection or ablation of tumour by subsequent surgery or local ablation. Following these criteria and depending on survival, 178 patients (58.7%) received TACE only once, 86 patients (28.4%) underwent TACE twice, 27 patients (8.9%) underwent TACE thrice, 10 patients (3.3%) underwent TACE four times or more, and 2 patients (0.7%) underwent TACE nine times. TACE-related death was designated death with 30 days after the initial therapy.
Tumor Response Evaluation after TACE
The evaluation of the response to TACE within three months (after the first or second TACE session) was assessed by expert abdominal radiologists according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST). (11) The patients with a complete response (CR) or a partial response (PR) were grouped as having an objective response to TACE.
Follow-up
The patients were followed-up by dynamic CT or MRI 4 weeks after treatment and then once every 3-4 months thereafter. During each of these follow-up visits, a detailed history was collected, and a complete physical examination was carried out. Blood tests, including serum liver function tests and alpha fetoprotein (AFP) level analysis, were also performed. The endpoint of the current study was OS, calculated from the initial date of TACE treatment until death from any cause or until the last follow-up.
Statistical analysis
Analyses were performed with IBM SPSS (V.18.0; SPSS) and GraphPad PRISM (V.6.0, La Jolla, CA, USA) software. The optimal cut-off point for pre-TACE serum markers was determined using the X-tile (V.3.6.1 Yale University, New Haven, CT, USA) program. (12) For continuous variables, the data are expressed as the mean ± standard error of the mean. Categorical variables were analysed using Fisher's exact test, and continuous variables were compared using unpaired Student's t-tests. Patient survival curves were calculated using the Kaplan-Meier method and analysed using the log-rank test. Prognostic factors were examined by univariate and multivariate analyses using the Cox proportional hazards model. P < 0.05 was considered statistically significant. 
Results
Baseline characteristics
A total of 303 consecutive patients who met our criteria were included in this study. Patient baseline characteristics are summarized in Table 1 . The cohort included 274 males (90.4%) and 29 females (9.6%) with a median age of 53 years (range 23-77 years). Hepatitis virus B was the predominant cause of HCC (88.1%). The majority of our patients had a good liver functional reserve of Child-Pugh A grade (94.7%). Of the 303 patients who were examined during the follow-up period, 275 patients (90.8%) died. The median OS was 8.4 months (range 1.07-65.30) in this study. The 1-and 3-year survival was 36.0% and 1.3%, respectively.
Univariate and multivariate Cox regression analyses
In previous studies, the cut-off values of clinical factors cover the whole clinical spectrum of HCC and are not ideally suited to patients with advanced HCC. Moreover, no studies to date have specifically focused on patients with advanced HCC. Therefore, we employed the X-tile program to determine the optimal cut-off value for pre-TACE serum factors and explored their prognostic effects in a large cohort of patients with advanced HCC. The optimal cut-off values of clinical factors are shown in Table 2 . The univariate and multivariate analyses of prognostic factors for OS are shown in Table 2 . In univariate analysis, levels of AFP, aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), C-reactive protein (CRP), and total bilirubin (TBIL) and portal vein tumour thrombosis (PVTT) were associated with OS (all p < 0.05). In multivariate analysis, significantly independent prognostic factors of survival were GGT (> 200 U/L), CRP (> 5.0 mg/L), ALP (> 130 U/L) and the presence of PVTT ( Table 2 ). The Kaplan-Meier OS curves for these four factors are shown in Fig. 1 . The median survival of patients with high serum GGT level (> 200 U/L) and low serum GGT level (≤ 200 U/L) was 6.0 months and 11.0 months, respectively (p < 0.001) (Fig. 1A) . The median survival of HCC patients with high serum CRP (> 5.0 mg/L) and low serum CRP (≤ 5 mg/L) levels treated with TACE was 7.1 and 17.5 months (p < 0.001), respectively (Fig. 1B) . The median survival according to serum ALP level was 6.0 months and 13.4 months in the ALP-high group and the ALP-low group, respectively (p < 0.001) (Fig. 1C) . The median survival of HCC patients with and without PVTT was 7.6 and 12.6 months (p = 0.002), respectively (Fig. 1D) .
The Kaplan-Meier analysis of patient survival according the number of risk factors is summarized in Table 3 . The patients were further classified into two groups according to their numbers of risk factors: 0-1 risk factors and 2-4 risk factors. The patients with 0-1 risk factors may be benefit from TACE treatment and their median survival was 18.1 months (95% CI 15.5-20.7 months) (Fig 2) , which was longer than the median survival of 8.4 months in all patients. In contrast, patients with 2-4 risk factors were associated with a dismal median OS of 6.8 months (95% CI 5.9-7.8 months) (Fig 2) .
Tumor response
The tumor responses of patients in the study are shown in Table 4 . Because this study was retrospective, 43 (14.2%) patients were unable to be evaluated for tumor response due to absent images at the time for retrospective evaluation. Objective response rates were 38.9% and 17.3% for 0-1 risk factors and 2-4 risk factors groups, respectively (Table  4) . 
Treatment Administration after TACE
The study TACE sessions and subsequent treatments administered in each group are listed in Table 5 . There was a statistically significant difference in the number of subsequent hepatic resection treatment sessions between 0-1 risk factors and 2-4 risk factors groups (P < 0.001). Meanwhile, there was a statistically significant difference in the number of subsequent TACE treatment sessions between 0-1 risk factors and 2-4 risk factors groups (P < 0.001). However, there was no statistically significant difference in the number of subsequent sorafenib treatment sessions between the two groups (P = 0.540). 
Discussion
To date, several published scoring systems, such as ART (13) , STATE/START (14) , ABCR (15) and HAP (16) , have been used to predict outcome in intermediate stage HCC patients undergoing TACE. However, few studies have reported the prognostic factors associated with outcomes following TACE therapy for patients with advanced HCC. Therefore, our present study mainly focused on survival outcomes and prognostic factors associated with patient survival to determine which advanced HCC patients would benefit most from TACE. TACE was considered a risky option for HCC patients with advanced PVTT in many countries. However, previous studies have found that there are no significant differences in 30-day mortality rates between groups of patients undergoing TACE and those treated conservatively among HCC patients with PVTT, suggesting that the TACE regimen is safe for these patients. (8, 17) In our present study series, we demonstrated that four risk factors, high pre-treatment GGT, ALP, and CRP levels and existence of PVTT, are associated with unfavourable prognosis after TACE treatment in patients with advanced HCC. Moreover, the prognosis varied quite substantially according to the number of risk factors, with median survival periods ranging from 5.5 months to 21.4 months. This means that not all patients with advanced HCC could benefit from TACE treatment. We suggest from these findings that further prognostic classification according to the number of risk factors may be important because it will facilitate the suitable management of patients with advanced HCC. In the present study also, we observed median survivals of 18.1 (95% CI: 15.5-20.7) and 6.8 (95% CI: 5.8-7.8) months in the 0-1 and 2-4 risk factor groups, respectively. Based on the survival results, TACE is most recommended in patients with advanced HCC if they only have 0 or 1 risk factors. However, patients with 2-4 risk factors (median survival 6.8 months), TACE is not recommended for these patients and other options should be considered.
The subsequent treatments for patients who had stopped study TACE might influence the outcome of patients. Also, the subsequent treatment in patients with 0-1 risk group was more active than patients with 2-4 risk factors group. However, this can be explained by the better treatment response in the former because the subsequent treatments depended mostly on tumor burden and liver function.
The risk factors included in our study are consistent with those of previous studies. GGT is a ubiquitous epithelial enzyme (18) that catalyses the transfer of gamma-glutamyl functional groups from molecules such as glutathione to an acceptor that may be an amino acid, a peptide or water (forming glutamate). (19, 20) GGT has frequently emerged as a significant risk factor in other studies. (21, 22) Consistent with the findings of Ju-Bo Zhang et al., elevated serum GGT levels were associated with an increased risk of death in HCC patients treated with TACE. ALP is an enzyme that is widely distributed in human liver, bone, intestine, and kidney tissues and has been identified as a prognostic factor in other studies. (23, 24) Serum ALP levels are usually elevated in patients with liver diseases and thus may reflect the status of liver injury. (25) In addition, ALP has already been included in the Chinese University Prognostic Index, an HCC staging system that assigns a score of 3 when ALP is > 200 IU/L, indicating the potential roles of ALP in predicting the prognosis of HCC patients. (26) CRP is synthesized by the liver in response to interleukin-6 released by macrophages and adipocytes. (27, 28) CRP is used mainly as a marker of inflammation. CRP has been reported to be a useful prognostic factor in patients with HCC independent of treatment such as resection, sorafenib, orthotopic liver transplantation and TACE. (29) (30) (31) (32) (33) (34) In HCC patients with BCLC stage-B, the selection for TACE treatment score and the assessment for retreatment with TACE score are include the serum CRP levels. (14) However, in previous studies, the cut-off values of these factors cover the whole clinical spectrum of HCC and are not ideally suited to patients with advanced HCC. Therefore, we employed the X-tile program to determine the optimal cut-off value for these factors.
However, there are some limitations in our present study. First, selection bias may exist due to the retrospective nature of this study and because all the patients were enrolled from single centre. Second, as this was a single-arm study, further studies are warranted to compare the effects of TACE with those of sorafenib or radioembolization in patients with advanced HCC. Lastly, the mechanism underlying the association between clinical serum factors (GGT, ALP, and CRP) and the prognosis for advanced HCC remains largely unknown.
In conclusion, TACE provides acceptable tolerability and favorable survival benefits for selected patients with advanced HCC. We found that four risk factors were associated with shortening the length of patient survival after TACE, including elevated serum GGT levels, serum CRP levels, serum ALP levels and existence of PVTT. TACE may be recommended for advanced HCC patients with 0-1 risk factors due to favorable survival outcome, but it is necessary to prospectively validate our results in a larger cohort. 
